A total of 52 unique XbaI PFGE patterns were observed among the 71 S. flexneri isolates with 11 distinct PFGE clusters. This study revealed a high prevalence of shigellosis with geographical differences in the distribution of serotypes in the distribution of serotypes and also differences in comparisons by gender. A high frequency of resistance, including 100% resistance to ciprofloxacin and resistance to extended-spectrum cephalosporins, was observed. We detected several isolates exhibiting the same PFGE type and MIC profile, indicating multiple undetected outbreaks.
or bla CTX-M-15 gene. A total of 52 unique XbaI PFGE patterns were observed among the 71 S. flexneri isolates with 11 distinct PFGE clusters. This study revealed a high prevalence of shigellosis with geographical differences in the distribution of serotypes in the distribution of serotypes and also differences in comparisons by gender. A high frequency of resistance, including 100% resistance to ciprofloxacin and resistance to extended-spectrum cephalosporins, was observed. We detected several isolates exhibiting the same PFGE type and MIC profile, indicating multiple undetected outbreaks.
Shigella is an important cause of acute diarrheal disease and occurs worldwide in an estimated 164.7 million people per year, resulting in around 1,100,000 deaths, especially among children in developing countries (14) . In China, Shigella spp. is the most frequently isolated gastrointestinal pathogen (19) accounting for up to 1.7 million episodes of bacillary dysentery annually, with up to 200,000 patients admitted to hospitals (28) .
Any of four species of Shigella (Shigella dysenteriae, S. flexneri, S. boydii, and S. sonnei) can cause shigellosis. S. flexneri serotypes 2a, 1b, 3a, 4a [IV: (3) ,4], and 6 and S. sonnei are the predominant species in developing countries, while mainly S. sonnei is predominant in industrialized countries, including S. flexneri serotype 2a and other unspecified type 2 variants (2, 14) . S. flexneri is endemic in many developing countries and causes a higher rate of mortality than other species (3) . The most common serotype is 2a, but other serotypes are also of major importance (14) . In China, S. flexneri is the most common species, accounting for up to 80% of all Shigella spp. with serotypes 1a [I: (3) ,4], 2a, 3a, and 4 [IV:Ϫ], and variant X is reported as the most prevalent type (26, 28, 30) .
A range of different antimicrobials are effective for treatment of shigellosis, although options are becoming limited due to the emergence of multidrug resistance. Thus, sulfonamides, tetracycline, ampicillin, and cotrimoxazole are no longer recommended for empirical treatment (16) . In recent years, an increase in the occurrence of antimicrobial resistance, including resistance to fluoroquinolones and extendedspectrum cephalosporins (ESC), among Shigella spp. has been observed in many countries, including China (13, 16, 18, 21, 27, 30) . The emergence of antimicrobial resistance is a matter of concern and poses a major difficulty in the determination of an appropriate antimicrobial for treatment due to shifts in the prevalences of the different serogroups and changes in the resistance patterns (16) .
Knowledge regarding the occurrence of different serotypes in different countries and geographic regions may assist in the recognition and tracing of emerging pathogens and in the implementation of correct treatment and control strategies (14) .
With nearly 100 million people, Henan is the most populated province of China by residency. It borders the province of Hebei to the north, Shandong to the northeast, Anhui to the southeast, Hubei to the south, Shaanxi to the west, and Shanxi to the northwest. In the present study, we reveal the results of a passive surveillance conducted in 2006 of Shigella infections from Henan Province in China. In addition, we combined various microbiological methodologies to describe the distribution of a subset of the Shigella flexneri isolates and its antimicrobial susceptibility patterns.
EDTA at 6 V with an angle of 120°. The running conditions consisted of one phase from 2.2 to 63.8 s at a run time of 20 h.
Statistical analysis. SAS version 9.1.3 (SAS Institute, Inc., Cary, NC) was used to assess the association of specific serotypes present in males compared to females by using a Fisher exact test. The criteria for evaluating the significance level in the model was a P value of Ͻ0.05.
RESULTS

Prevalence.
The prevalences for human Shigella infections based on patient data from six surveillance points, including Sui County (Sui County is located in the eastern plain belonging to the rural area of Shangqiu City and includes 20 villages and towns, with a total area of 926 square kilometers and 800,000 inhabitants), Zhengzhou (Zhengzhou is the capital [an urban area] and is located in the center of Henan Province, consisting of 12 counties or cities with a total of 7,356,000 inhabitants), Jiyuan (Jiyuan is located in a rural area in the northwest of Henan Province consisting of eight towns and four townships and covers a total area of 1,931 square kilometers and 680,000 inhabitants), Zhoukou (Zhoukou is located in an urban area southeast of Henan Province and consists of one city and 10 towns, covering a total area of 11,959 square kilometers; its population is 10,860,000), Shangqiu (Shangqiu is located in an urban area east of Henan Province and consists of one city, three districts, and six towns; it covers a total area of 10,704 square kilometers, with a total population of 8,243,700), and Anyang (Anyang is located in the north of Henan Province and consists of five districts and five counties, with a total area of 7,413 square kilometers and a population of 5,420,000), in Henan Province, China, are presented in Table 1 and Fig. 1 .
Of 3,531 collected stool samples, 467 samples were positive for Shigella, resulting in an overall prevalence of 13.2%. The prevalence differed between the different surveillance points from 3.1% in Shangqiu (urban area) to 27.9% in the Sui County region (a rural area) ( Table 1) . Interestingly, a low prevalence of 4.1% was observed in rural Jiyuan compared to the high prevalence of 27.9% in rural Sui county. In addition, the low prevalence in rural Jiyuan was almost the same as in urban Shangqiu. Moreover, a proportionally larger number of samples per inhabitants were investigated from rural areas (Sui County and Jiyuan) compared to the urban areas.
Serotypes of S. flexneri and S. sonnei. Age distribution. Information about the age of the patient was known for 465 of the 467 patients included in the surveillance project. Patient ages ranged from 2 months to 82 years, with a median of 25 years; 49.7% (n ϭ 231) were of positive cases occurred in patients between 0 and 5 years of age ( Table 2 ). The frequency of infections among the patients rapidly decreased after the fifth year to a level between 7.3% (n ϭ 34) for the 6-to 11-year-old age group to 0.2% (n ϭ 1) for patients aged 81 to 85 years ( Fig. 2) .
No specific species and serotype patterns were observed among the different age groups. However, S. flexneri serotype 2a, variant X [IV:(7),8], and S. sonnei were found in almost all patients of all ages ( Table 2) .
Gender. Data regarding the patient gender were available for all of the 467 Shigella isolates. Almost two-thirds of the patients infected were males, accounting for 62.1% (n ϭ 290) (Fig. 2) . The predominant Shigella species and serotypes among males were S. flexneri serotype variant X [IV:(7),8] (28.3%, n ϭ 82), S. sonnei (26.6%, n ϭ 77), and S. flexneri serotype 2a (16.2%, n ϭ 47), respectively. Among females, S. flexneri serotype 2a were the most common isolates (28.2%, n ϭ 50), followed by S. flexneri serotype variant X [IV:(7),8] (26.6%, n ϭ 47) and S. sonnei (20.3%, n ϭ 36), respectively. Infection with S. flexneri serotype 2a was seen in a significantly (P ϭ 0.0022) higher number of female patients compared to males (odds ratio ϭ 2.0; 95% confidence interval ϭ 1.29 to 3.20). In addition, differences in the distributions of serotypes were observed between the genders with the absence of infections in July, week 27, with 38 cases (8.1%) (Fig. 3) . The S. flexneri serotypes variant X [IV: (7),8] and 2a were primarily responsible for the increased level of infections peaking in July, week 27 ( Fig. 3) . The infection rate slowly declined to a level of 13 cases (2.8%) in August, week 35. From this week on to October, week 40, the levels of infection were relatively consistent, with between 12 and 17 cases per week. However, in October, week 41, the number of infections dramatically increased to 28 cases (6.0%); this was caused mainly by 15 cases of S. sonnei. This high level gradually decreased until the overall infection rate in November reached 8 cases, including 1 caused by S. sonnei. The infection rate leveled out with only two cases (0.4%) at the end of the year in December, week 52. Throughout the weeks included in this study, the infection rate seemed to fluctuate among several Shigella species and serotypes without a profound pattern. However, specific Shigella species and serotypes peaked randomly throughout the survey period (Fig. 3) .
Antimicrobial resistance. The subset of the 71 S. flexneri isolates were multidrug resistant (i.e., resistant to more than three antimicrobial drug classes) and exhibited resistance to up to 14 of the 18 antimicrobials tested (Table 3 and Fig. 4) .
One hundred percent (n ϭ 71) of all of the tested S. flexneri isolates were resistant to nalidixic acid; of these, 21% (n ϭ 15) were highly resistant to ciprofloxacin (MIC Ͼ 4 g/ml). The remainder of the isolates were resistant to nalidixic acid conferred low-level resistance (MIC ϭ 0.125 to 2 g/ml) to ciprofloxacin (79%, n ϭ 56).
Only (Table 3 and Fig. 4) .
Resistance to apramycin (only approved for veterinary use) 
AUG, Ͼ4
AMP, Ͼ4
APR, Ͼ16
CEF, Ͼ16
POD, Ͼ1
XNL, Ͼ2
CHL, Ͼ16
CIP
COL, Ͼ8
FFN, Ͼ2
GEN, Ͼ2
NAL, Ͼ16
NEO, Ͼ8
SPE, Ͼ64
STR, Ͼ16
SMX, Ͼ256
TET, Ͼ8 (20) 8 (11) 6 (8) 68 (96) 15 (21) 56 ( (Fig. 4) .
PFGE. Fifty unique XbaI PFGE patterns were observed among a subset of 71 S. flexneri isolates (Fig. 4 ). There were 11 distinct S. flexneri PFGE clusters (a to k), five of which (clusters a, f, h, i, and k) shared isolates with the same serotype or antigenic formula. Cluster b contained six isolates with different antigenic formulas: five of serotype variant X [IV: (7) (Fig. 4) .
All of the isolates in clusters a, c, and e to k conferred resistance to the same antimicrobials. In addition, all isolates in clusters c and f harbored the same extended-spectrum ␤-lactamase genes, bla CTX-M-14 and bla CTX-M-15 , respectively (Fig.  4) . The isolation dates ranged within the clusters between 1 day (cluster e) up to 2 months (cluster j), with a median of 11 days. All of the clusters consisted of isolates belonging to S. (Fig. 4) .
DISCUSSION
In this study, the ratios between S. flexneri and S. sonnei were approximately 75% and 25%, respectively, indicating that Henan Province exhibits the same serotype distribution as developing countries (14) .
We (30) . It is difficult to explain the observed regional differences, since these most likely are associated with social economical related issues, geography, and population density. It is unknown why S. sonnei was predominant in the eastern regions of Zhoukou and Sui County with no cases in the northwestern region of Jiyuan and why S. flexneri serotype 1a [I:(3),4] was predominant in the northwestern region of Jiyuan. However, correlating S. flexneri serotype 2a (predominating in rural areas) with gender and age, we noticed that females were significantly more affected by this serotype than males in contrast to S. flexneri serotype variant X [IV: (7),8] (dominating urban areas), which is evenly distributed among the genders. We have no explanation for these findings but feel they should be further explored. The present study also indicates an interesting absence of S. dysenteriae and S. boydii among the relatively large number of collected isolates. In the last 30 years, the number of clinical cases caused by these two species has declined in Henan Province. However, we do not know what has caused this decline. We have also examined S. flexneri serotypes with serologically atypical antigenic formulas: variant X [IV: (7) (7),8], the last two of which were reported for the first time from Henan Province.
In this respect, it is noteworthy to mention that untypeable S. flexneri [I:(7),8]) has been increasingly observed in Asia (7, (22) (23) (24) and was initially described by Talukder et al. (24) . The serotype has not yet been formally included the official scheme but is will be included in the future under the name serotype 1c. In the present study, we chose to use the antigenic formula [I: (7) ,8] when referring to this serotype.
Similarly, in S. flexneri variant X [IV: (7),8], the serological reaction with type IV monovalent antisera is believed to be due to the presence of a confounding E1037 antigen among immu- nization strains and the lack of a standardized panel of strains for use by antisera producers (Strockbine, unpublished). The isolates producing this atypical serological antigenic pattern are considered to belong to variant X strains. In 1988, isolates producing this unusual antigenic pattern were proposed by Pryamukhina and Khomenko to be classified as serotype 4c (17) . This classification was proposed to the International Committee on Systematic Bacteriology Subcommittee on the Taxonomy of Enterobacteriaceae for its incorporation into the S. flexneri scheme; however, it has not been officially recognized. Age also seemed to influence S. flexneri serotype 2a compared to S. flexneri serotype variant X [IV: (7) Interestingly, in the present study, the gender distribution seemed to be skewed, with 62.1% of the infected patients being male. The skewed distribution might be associated with China's one-child-per-family policy. The policy has been criticized for discriminating against females, who may be aborted, abandoned, or unregistered and thereby may not receive the proper medical care (12) . This hypothesis may be the reason for the skewed distribution among males and female patients infected with Shigella. In addition, we found a significant difference in the infection patterns caused by S. flexneri serotype 2a, which seemed more commonly associated with infections in females than in males. We also observed nonsignificant differences in S. flexneri serotype variant X, 2b [II: (7) ,8], 4a [IV: (3),4], untypeable isolates [Ϫ:6], and 1a [I:Ϫ], which were present in both males or females. The reasons for these discrepancies are unknown and remain to be further investigated.
Not surprisingly, we found, as in many other developing countries, that primarily children of up to 5 years of age were infected (26) . We did not observe any particular distribution of Shigella species and serotype among the different age groups.
We provide here the first description of bla CTX-M-14 or bla CTX-M-15 in S. flexneri isolates originating from China. To date, only a few publications have described the presence of extended spectrum ␤-lactamases in S. flexneri. The first observation was reported from Argentina, where a survey revealed six human isolates from 1997 to 2001. All of these belonged to the bla CTX-M-2 group (1). In 2004, a bla TEM-116 isolate from Zhengzhou, Henan Province, China, was obtained from a chicken (10) , and human bla CTX strains were isolated in 2005 from Anhui Province, China (29) . In 2006, four cases of shigellosis due to isolates harboring bla CTX-M-15 were described in New Zealand (25) .
We describe here the worrisome fact that all of the 71 S. flexneri isolates conferred resistance to nalidixic acid and, additionally, either high-level resistance or reduced susceptibility to ciprofloxacin. The same high level of resistance to ciprofloxacin and nalidixic acid has also previously been described in the Anhui and Henan provinces in China (11, 18, 30, 31) . The two provinces are situated in the eastern part of mainland China and share borders. Thus, nalidixic acid-and ciprofloxacin-resistant S. flexneri isolates might have become endemic for this area in China and perhaps even beyond these provinces. In addition, treatment with fluoroquinolones when isolates show reduced susceptibility to ciprofloxacin is not advised, since such treatment has been associated with treatment failures.
The highly resistant nature of the S. flexneri isolates in Henan Province makes antimicrobial treatment difficult. Most of the isolates were multidrug resistant and conferred resistance to up to 14 antimicrobial agents, including antimicrobial agents commonly used to treat Shigella infections in children. This development of resistance to extended-spectrum cephalosporins and fluoroquinolones is a major concern since these antimicrobials are categorized by the World Health Organization as critically important antimicrobials for the treatment of human infections (5) . The reason for the high level of antimicrobial resistance in China is most likely the overuse of antimicrobial agents in hospitals and in the agricultural area due to a lack of legislative guidelines and limitation in usage. A recent article evaluated the antibiotic use in the five largest children hospitals in four large cities in China from 2002 to 2006 (32) . They found that 35 to 56 different antibiotics were used, with penicillins, cephalosporins, and macrolides accounting for the largest total volume and with extended-spectrum cephalosporins being the most used antibiotic among the group of cephalosporins. In addition, the overall consumption of antibiotics ranged from 49.9 to 68.2 defined daily doses (DDD)/100 bed-days among the five hospitals (32), whereas, in comparison, the overall consumption of antibiotics in Danish hospitals in 2008 was 74.9 DDD/100 bed-days (6). In Denmark, legislation enforcing a prescription-only policy has been implemented. In contrast to Denmark, antimicrobials are still easily obtainable at pharmacies in China, causing a huge selection pressure for antimicrobial resistance in Chinese society.
In the present study, we report the insufficiently discriminatory power of the PFGE protocol utilizing the XbaI enzyme, which resulted in clusters with mixed serotypes or antigenic formulas. Thus, more discriminatory protocols have to be developed for tracking the epidemiology of S. flexneri.
We combined various microbiological typing techniques that often serve as epidemiological markers to determine the sources of infections in combination with epidemiological data. This approach is unique, and in this case we detected several PFGE clusters, e.g., clusters f and k, that shared the same serotypes, antimicrobial susceptibility patterns, and genes and were isolated within the range from 2 days to 1 month. Based on these data, we speculate that these groups represent Shigella outbreaks in Henan Province. This hypothesis is strongly supported by the weekly incident rates of the specific serotypes, e.g., S. flexneri serotype 2a in week 27, S. flexneri serotype variant X [IV: (7) ,8] in weeks 26 and 27, and S. sonnei in week 41.
The low number of cases (n ϭ 467) examined here may be biased due to underreporting. Shigellosis has previously been described as the most common cause of diarrheal diseases in China; thus, 467 cases of shigellosis is rather few compared to a population of 93.8 million people in Henan Province, China. Wang et al. (28) also described an underreporting rate of 71% in this region. Therefore, we expect there to be many more Shigella infections in Henan Province than were included the present study (28) . The underestimation may be due to the fact that some of those infected do not consult a doctor, not every doctor orders a test, and not every test is positive. Moreover, we do not know which pathogen is responsible for the remaining 3,064 diarrheal cases since the present study has focused entirely on Shigella.
The differences in the Shigella species and serotypes isolated among the surveillance points, differed in proportion between Shigella flexneri serotype 2a, variant X [IV: (7) 4] , ranking overall as the fourth most common serotype, was ranked first in Jiyuan. We do not have any information that could explain this ranking, but it might be a result of a low prevalence or the northern geographical location of the surveillance point.
We demonstrated here a high prevalence of shigellosis with geographical differences, as well as differences between the genders, in the distribution of serotypes. We observed a worrisome level of multidrug resistance in S. flexneri serotypes conferring resistance to ciprofloxacin and expanded-spectrum cephalosporins in serotypes 2b [II: We report a low discriminating power in testing the isolates using PFGE and XbaI. However, we found several isolates exhibiting the same PFGE type, MIC profile, and isolated in the same period, indicating multiple undetected outbreaks. The majority of infections were observed in patients younger than 5 years and in male patients.
We encourage general practitioners to avoid empirical treatment and conduct susceptibility testing in order to select the most appropriate antimicrobial for treatment.
The authorities in Henan Province should implement timely surveillance of Shigella to facilitate control and prevention of outbreaks for the benefit of the Chinese people. In addition, the authorities should implement a prescription-only policy for antimicrobials, thereby forcing the population to seek professional medical care rather than self-medication of antimicrobials in order to lower the selection pressure for resistance in Shigella spp.
